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Inelastic scattering spectra have been measured with 245 MeV 
incident energy Be ions, on Pb target. They show 
large excitation of the 208 Pb Giant Quadrupole Resonance. 
DWBA calculations are reported and compared with the data. 

The excitation of Giant Resonances (GR) with heavy ions was 
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first investigated at Yale and Grenoble . Since then a few other expe-3 4,5 riments have reported new results with various incident ions ' . The 
interest in using heavy ion probes to investigate GR was two fold. First, 
from the kinematical conditions of the interaction at the surface of 
the target, large momentum transfers were expected to be favored and 
thereby excitation of hi^h multipolarities. The second point of interest 
was that the physical background underlying the resonance might be redu
ced and thus the ambiguity arising from background subtraction be smaller. 
The data obtained so far in the various experiments do not confirm either 
points. Some L = 3,5 strength was reoorted at around 20 MeV excitation 
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hadron experiments and it has to be confirmed. The background turns out 
to be never smaller than in other hadron inelastic scattering spectra. 
It has also been found that the spectra are generally strongly conta
minated by low-lying collective states of the projectile, which makes 
it somewhat more difficult to disentangle their various components (tar
get stetes, projectile states, background), at least in the low excita
tion energy region. However, some ions have a small particle-emission 
energy threshold and no low lying collective states, which makes them 

13 9 more suitable for use as projectiles, C and Be for example, have 
these properties. Another problem of H.I. inelastic scattering spectra 
is that they can also be contamined by sequential pick-up and decay 
processes, similar to those observed in inelastic scattering of a par-

6 tides . 

The advantage of H.I. at high energies is shown by a comparison 
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of cross-sections measured a t 10 MeV/ft and 20 MeV/A . At the higher 
energy the cross-section for excitation of the GQR in Pb i s nearly 
three times larger. The calculations reported in ref. 7 show that this 
can be understood in terms of the interaction time between target and 
projecti le, and that the cross section increases drastically when the 
incident velocity of the projectile increases(i .e. the interaction time 
decreases). 

The above considerations have been applied to the study of the 
system Pb + Be at 27 HeV per nucléon. The experiment was performed 
at Lawrence Berkeley Laboratory, Berkeley, with the 88" cyclotron. The 9 4+ beam was Be of 245 HeV. Because of the great difficulty of obtairing 
fully ionized Be from a PIG-source, only a small and unstable beam in
tensity could be extracted, typically InA. The scattered projectiles 
were detected and identified in the focal plane of the magnetic spectro
meter. The detection system included two position sensitive detectors 
(Borkowsky type) and an ionisation chamber providing an energy loss 
measurement. Behind this detectors, the particles were stopped in a plas
tic scintillator couple to a photomultiplier which measured both the 
residual energy and gave a timing signal for time of flight measurement 
relative to the RF of the cyclotron. The two position measurements 
provided a determination of the angle of the trajectory, allowing fur
ther corrections of the time of flight. However, this refinement 

g was not necessary in the present experiment and Be ions could be pro-



perly identified by simple use of energy loss and uncorrected time of flight 
measurements. 

The Be ions scattered by a Pb target 2 (lmg/cm ) , vere detected with an energy resolution of approximately 600 keV. 
The elastic peak was set out of the sensitive area of the detectors in or
der to avoid limitations on the counting rate. The results are illustrated 
on figure 1. This spectrum extends up to around 40 MeV excitation energy. 
The low energy transitions are observed at 2.61, 4,10 and 5.6 MeV. The Giant 
Quadrupole resonance peaks at 10.3 Mev, and t'e high-lying continuum is ra
ther flat above E ^ 20 Mev showing no evidence for the sequential oick-up 
<*ecay process expected at around 25 MeV (see Fig. 1). These data exhibit 

6 11 features similar to those observed with a lighter ion Li , which has pro-g 
perties comparable to Be (weakly bound and strongly absorbed). The peak to 
background ratio amounts to -v 1 in the GQR region. This value, which is as 
good as those obtained with strongly absorbed light hadrons, together with 
the cleanliness of the spectra and the large cross-sections observed for the 
excitation of the GQR, demonstrates the suitability of the Be projectile for 
this type of study. 

The background shown in Fig. 1 by the dashed line was chosen so as 
to leave for the GQR a peak of 2.8 MeV width (FWHM) corresponding to the known 
value for this stat». It is to be noted that no clear evidence is observed above 
the GQR for the excitation of the strength reported in ref. 4 in tne 19 MeV exci
tation energy region. However, one might chose to define the background below 
the GQR region by extrapolating down the (linear) shape of the spectrum above 
Ex i< 25 MeV as shown by the dashed dotted line in Fig. 1. This would leave bet
ween the background and uhe GQR a broad structure which might contain some other 
multipole strength and possibly that observed in ref. 4, even though the unfolding 
of a peak at 39 MeV would be difficult. 

A short angular distribution has been measured around the grazing 
angle and DWBA calculations have been performed using the code DWIS, with 
the optical parameters from ref. 8. The inelastic scattering cross-sections 
are not very sensitive to the optical parameters and very similar results 
have been obtained with the OM set of ref. 3 and 9. The calculations and 
the data points are compared in Fig. 2. The unusual structure of the theore
tical cross-section arises from the partitu3ar system and energy studied, it 
exhibits both Fresnel (gross structure) and Fraunhofer (oscillations) 
dlffractive features, because the bombarding energy is exactly in the tran-



sltion region between the two regimes (see ref.lOfor example). The theore
tical curve is normalised to 100% of the energy weighted sum rule 
(B-R = 0.625). It is in general agreement with the data points. Thr. .name 
calculation has been performed for a transition at E = 19 Mev for the 
L - 3,5 strength reported in ref. 4. Assuming the width reported in tnat 
paper, the corresponding cross-section should show up as indicated in 
flg.l (dotted-line peak). There is a clear incompatibility between this 
estimate and the present data, which are therefore in disagreement with 
the conclusion of ref.4. The same disagreement is obtained when comparing 
the data from (He, He') at 110 Mev measured at Grenoble, to the expec
ted cross-section estimated from DWBA calculations, and using the strength 
found in ref,4. This suggests that this region of the continuum of ** Pb 
must be further investigated in order to resolve these discrepancies. 

The authors are indebted to D.K.Scott for his participation 
in the early stage of the experiment. 
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FIGURE CAPTION 

Fig. 1 - Inelastic spectrum measured In Pb ( Be, Be') reaction. The 
dashed line below the GQR shows the assumned background. The 
dotted peak at 19 HeV excitation energy is a DWBA estimate for 
the strength observed in rif. 4. The double arrow shows the region 

9 10 9 9 10 9 
where (Be, B -»• Be + p) and (Be, Be •*• Be + n) sequential 
pick-up decay processes {left and right arrow resp.) are expected. 

Fig. 2 - Comparison between data points and DWBA calculation for the GQR. 
The theoretical curve exhibits both Fresnel and Fraunhofer diffrac-
tional features. The arrow indicates the grazing angle. 
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